INTRODUCTION
The behavioral response of cattle to restraint and handling is an indication of temperament (Burrow and Corbet, 2000) . Variation in this trait has allowed the beef cattle industry to develop measurement techniques to associate temperament with various measures of cattle productivity. Current measurement techniques include chute score (CS; Tulloh, 1961) , fl ight speed (FS; Burrow et al., 1988) , and exit score (ES; Lanier and Grandin, 2002; Baszczak et al., 2006 ABSTRACT: Observations were collected for the purpose of comparing exit velocity measurements in the form of exit score (ES; walk, trot, canter, or run) and fl ight speed (FS) as assessments of cattle temperament. Squeeze chute exit velocity was obtained for 1,181 crossbred yearling steers using ES and FS temperament systems. Flight speed used infrared sensors to determine the time taken for an animal to traverse a fi xed distance of 1.83 m after exiting the squeeze chute. Exit score (1 = walk, 2 = trot, 3 = canter, and 4 = run) was assigned by 2 different observers when each steer crossed a fi xed point between the infrared sensors. All animals were scored with each system (ES and FS) simultaneously on exiting the squeeze chute on d -21 and d -1 of the experiment. Of the 1,181 cattle, 357 were moved to a nearby research feedyard for use in a 140 d feedlot trial. These cattle were scored using both measurement systems and BW was recorded at 35 d intervals throughout the trial. Exit score was assessed for observer reliability, ES and FS were compared for measurement repeatability, and both were assessed on ability to predict ADG. Exit score between observers on a single day showed considerable agreement (weighted Kappa = 0.66), indicating the system was reliable between different observers. However, the agreement for a single observer between day was only moderate (weighted Kappa = 0.40), indicating a day effect for ES. In addition, although mean velocities for day were not different (P > 0.18; FS = 2.98 ± .87 and 3.02 ± 0.87 m/s for day, respectively), the persistence of FS for each animal was low (Spearman rank correlation coeffi cient = 0.25). The frequency that an animal would be placed into the same third of FS or receive the same ES on consecutive weigh days was 50% and 60.0%, respectively, and both were moderate predictors of ADG (R 2 = 0.14 and R 2 = 0.17). These data indicate that ES and FS are reliable instruments for assessment of temperament on a given day, and show moderate repeatability across days. Exit score and FS show similar ability to predict ADG and can be used interchangeably as measures of temperament.
BW gain, carcass quality, and health. Cattle with more excitable temperaments have reduced feed effi ciency (Petherick et al., 2002) , poorer meat quality (Voisinet et al., 1997a; King et al., 2006; Vann, 2011) , and decreased immune function (Fell et al., 1999) . Additionally, excitable cattle are more likely to become injured during handling, can be detrimental to handler safety, and cause damage to the handling facility (Grandin, 1989) . Conversely, cattle with calmer temperaments have greater ADG (Burrow, 1997; Voisinet et al., 1997b; Petherick et al., 2002) , greater conception rates (Plasse et al., 1970; Cooke et al., 2011) , and reduced incidence of dark cutters (Voisinet et al., 1997a; Scanga et al., 1998) . Profi t fl uctuations associated with changes in these characteristics defi nes temperament as an economically relevant trait (Golden et al., 2000) , and thus an important consideration for all beef producers from breeding to harvest. Exit score, a system using "gaits" (e.g., walk, trot, and run) was fi rst proposed as an easy and inexpensive alternative to purchasing of infrared sensor equipment that is required for obtaining FS measurements (Lanier and Grandin, 2002) . The present study was conducted to 1) determine if ES is a reliable subjective measurement regardless of observer, 2) begin converting FS and ES into measurements that can be directly compared, and 3) determine if ES is a suitable replacement for the more expensive FS method.
MATERIALS AND METHODS
Observations were made in accordance with Colorado State University Animal Care and Use Committee ACUC No. 10-1988A.
Animals
Mixed breed Bos taurus yearling steers (n = 1181; BW = 349.8 ± 44.18 kg) were received at a commercial feedlot in southeastern Colorado. Cattle were allowed overnight access to long-stemmed grass hay and water. Processing occurred the next day and included vaccination for the control of respiratory disease (Express 3, Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO), injectable (Noromectin, Norbrook Inc., Lenexa, KS) and topical (fendbendazole drench, Panacur, Intervet/ Schering-Plough Animal Health, Kenilworth, NJ) antiparasitics, administration of an electronic identifi cation tag, corresponding visual tag, lot tag, and whole blood sampling via jugular venipuncture for use in a concurrent study. Cattle were housed at the commercial feedlot until a second processing 21 d later for removal of visual tag and sorting of animals. Sorting and selection of animals into a subset occurred based on the results of blood sample analysis for genetic markers of marbling and tenderness but temperament was not considered in the selection criteria. Three hundred and fi fty-seven of the original 1,181 steers were transferred to the nearby Southeast Colorado Research Center for use in a feedlot trial. Ninety steers were selected from each of the 4 tenderness × marbling outcome groups, distributed into 5 weight strata, and randomly assigned within weight stratum to 2 pens of 9 steers. The 2 pens within each weight stratum were randomly assigned a growth promotion strategy treatment. 
Temperament Scoring
Observations were recorded on 1,181 newly received steers at the commercial feedlot on both processing days. Processing occurred in a curved chute system with a hydraulic Silencer (Moly Manufacturing, Lorraine, KS) squeeze chute designed to hold large fi nishing steers. During each processing day, observers collected a modifi ed ES and FS observation of animals exiting the squeeze chute. The collection of FS used infrared sensors (FarmTek, North Wylie, TX) to determine the time taken for an animal to traverse a fi xed distance of 1.83 m after exiting the squeeze chute (Burrow et al., 1988) . Exit score was a subjective score assigned to each animal. The original scale for this measurement was 1 = walk, 2 = trot, 3 = run, and 4 = jump (Lanier and Grandin, 2002) . However, the gait portion of this scale is ordinal and assumes jump to be the fastest of the 4 categories. Our preliminary observations have indicated that jump increases FS initially but decreases FS at greater velocities, which places jump between trot and run on an ordinal scale. Therefore, jump was removed from the scale and recorded as a separate variable coded 1 = jump, 0 = no jump. To avoid middle group bias, the remaining gait portion of ES was expanded to 1 = walk, 2 = trot, 3 = canter, and 4 = run, yielding a modifi ed exit score (MES). The distinction between level 3 (canter) and level 4 (run) was determined by foot fall pattern of the animal presenting as a 3 beat canter or 4 beat run gait. This MES was assigned by 2 different observers when each steer crossed a fi xed point in the center of the infrared sensors. The ability of observers to agree on levels 3 and 4 was determined (consistent Kappa = 0.60) during preliminary observation. These observations were conducted to ensure that levels 3 and 4 were distinguishable and could be used throughout the trial. During the trial, observers remained the same and assigned MES from the same independent locations within the working shed on both processing days. The same handlers were present on each day; however, duties of each handler differed on the 2 processing d.
A group of 357 cattle from the original 1,181 were moved to Southeastern Colorado Research Center and evaluated 2 wk later with both the MES and FS. Beginning on d 35, 357 cattle were evaluated during 4 weigh days at approximately 35 d intervals and a fi fth weigh day immediately after weigh d 4. No observations were collected on d 0 due to the randomization process necessitating that handlers work in the area directly outside the chute which prevented the animals from exiting without interference. In addition, allowing the implants to become fully active before observations were taken eliminated the need to account for implant vs. no implant during data analysis. Facilities used for the 357 cattle included a curved chute system with a hydraulic Silencer (Moly Manufacturing) Chute designed to hold large fi nishing steers. Chute operator was consistent throughout the 5 weigh d, but it was not possible for handlers to remain consistent. Procedures occurring during handling included collection of individual BW, carcass ultrasound, and administration of a trenbolone acetate (Revalor, Merck Animal Health, Summit, NJ) implant. Observations were performed in exact duplication of those performed in the commercial feedyard, and the FS sensors were those used in the commercial feedyard. Observers remained the same and observations were obtained from consistent independent locations within the new facility.
Data Analysis
Reliability of MES was determined on 1,181 cattle using Cohen's Kappa for agreement, calculated between observers. This test was also applied to a single observer between observation days. Reliability of FS was assumed to be consistent due to consistent placement of the device and lack of human infl uence. Average FS was compared between days using a paired t test and Spearman rank correlation coeffi cient was determined.
To compare the results of the 1,181 steer group with the 357 steer subset, reliability estimates using Kappa were also calculated for all 5 weigh dates on the 357 steer subset. For consistency, subset average FS was calculated by day along with generation of Pearson and Spearman correlations between subsequent days. Pearson and Spearman correlations were also run for MES, and correlation of the d 1 observation to the average of all days was run for both FS and MES to investigate the necessity for repeated observations. Though levels 3 and 4 of MES are easy for observers to distinguish between, the amount of data in level 4 was not great enough to be recognized by the analysis program and thus level 4 observations were included in the level 3 category.
Direct comparisons of FS and MES have proven diffi cult due to the likelihood that the 2 methods do not measure the same aspect of avoidance behavior, or at minimum do not accurately represent animals in the same way (Alexander, 1991; Müller and von Keyserlingk, 2006) . Although FS is a direct measure of speed, MES is determined by the foot fall pattern of an animal. The direct comparison of these measures is confounded by size of the animal (McMahon, 1975) . To account for variation in size, metabolic BW was used to create the response variable "Ratio" using FS divided by metabolic BW to account for body size during changes in speed. The resulting m·s -1 ·kg -1 more accurately represents the movement of metabolically active mass across a distance, accounting for smaller cattle having faster leg motion, and thus greater MES score, to achieve the same FS as a larger animal. Ratio was then compared with MES using a generalized linear model via PROC GLM (SAS Inst. Inc., Cary, NC), which used Ratio as a dependent variable and categorized animals by breed and MES. In contrast to the models below, pen and treatment were excluded due the stratifi cation by weight confounding Ratio which also uses a weight component. For comparison with MES, Pearson and Spearman correlations for Ratio were run between consecutive weigh dates. The repeatability of each measure was compared from frequency tables for each level of MES. Given an animal received an MES of 'x' on a given day, the propensity that the same animal would receive the same score on any other day was determined from the frequency tables. To construct similar frequency tables, Ratio was divided into thirds by creating a central group consisting of 1 SD above and below the mean, and excluded observations comprised the high and low groups. It should be noted that animals in the lowest third of the Ratio grouping were not assumed to also receive an MES of 1, and similarly for the central and high groupings.
Final comparison of MES and FS was done in relation to the ability of each measurement to predict ADG using a generalized linear model via PROC GLM of SAS. It was determined that incremental predictions of ADG, between weigh dates, were not feasible via corresponding interval assessments of MES and FS. Average daily gain across the entire trial (d 0 to d 140) was thus used in relation to average MES and FS. Flight speed and MES were added conjointly in a single model, as well as analyzed in separate models, to determine the proportion of variation attributed to each variable. Due to the concur-rent feedlot trial, pen and treatment were included in the model as covariates. Despite previous work describing a quadratic relationship between FS and ADG (Müller and von Keyserlingk, 2006) , the data were more appropriately represented through linear analysis due to the lack of signifi cance in the quadratic model. The resulting models were simple: Y = μ + Xβ1 + Xβ2 + Xβ3 + Xβ4, with β1 representing pen, β2 representing treatment, β3 representing breed, and β4 representing either MES or FS in respective models. A fi fth term (β5) representing the additional temperament measurement was present in the conjoined model, and an interaction was tested but showed a lack of signifi cance. The amount of variation explained by the unique variable (β4) was compared to determine the ability of MES and FS to predict ADG.
RESULTS AND DISCUSSION
The benefi ts of using calm cattle have been well documented (Grandin, 1989 ). An overview of cattle in this study is available in Table 1 . The assessment of cattle temperament, which is defi ned as the response to a situation, and selection for cattle within a certain range can allow calmer animals to be used in production systems (Fordyce et al., 1988) . Much of the work regarding the benefi ts of calmer animals has been conducted with Bos indicus cattle; therefore, this study used mixed breed Bos taurus animals. Multiple tools have been used to assess temperament and select for calmer animals. Three of the most studied are CS, ES, and FS. Other methods have been proposed (Gauly et al., 2001 ), but are more time consuming and cannot be conducted during routine processing or handling of cattle. For producers to confi dently use the benefi ts of temperament measurement, each of the methods available to evaluate temperament was validated for onsite use (Burrow et al., 1988; Grandin, 1993; Hoppe et al., 2010) . The decision then becomes which method is the most appropriate mode of measurement. Of those most studied, CS, although previously validated using manual squeeze chutes (Grandin, 1993) , weight crates (Cafe et al., 2010) , or hydraulic chutes without using the squeeze feature of the side panels or head catch, was not used because of recent increase in hydraulic chutes and handling practices necessitating the head of the animal to be caught and movement to be restricted. By restricting the range of motion for each animal, most of the variation in CS is lost. Two frequently used systems that are not affected by a hydraulic squeeze chute or current practices are FS and ES, with lesser scores considered "good" temperament and greater scores considered "poor" (Burrow and Dillon, 1997; Petherick et al., 2002) . Exit score has been proposed as an inexpensive alternative to the infrared sensors used to assess FS. The Beef Improvement Federation has adopted a 6-point ES system (Dolezal et al., 2002) , which has proven useful for inclusion in some herd analyses; however, this requires additional data processing systems. Due to the greater ambiguity of the 6-point scoring systems, contemporary groups must be used to account for the variation in ES observer. In the event that the aid of progressing technology is not feasible, it becomes diffi cult yet likely still necessary to use measurement techniques independently and often immediately for selection. When the use of technology is not available to account for observer, there is a greater need to assure the measurement is consistent between observers to allow immediate onsite use. To ensure consistency of MES, the observer reliability was assessed fi rst in this study. The initial assessment of reliability (n = 1,181 steers) for MES was calculated between observers on a single day and showed considerable agreement (Kappa = 0.50 and weighted Kappa = 0.60 on a 4-point scale; Kappa = 0.63 and weighted Kappa = 0.66 on a 3-point scale; Table 2 ), indicating the system is reliable between different observers. Agreement between observers suggests the measurement can be easily applied and is consistent from observer to observer on a given day. However, agreement for a single observer between day was only moderate (Kappa = 0.35 on a 4-point scale, Kappa = 0.26 on a 3-point scale, and weighted Kappa = 0.40 on both 3-point and 4-point scales; Table 3 ), indicating a day effect for MES. Day effect was supported by initial analysis of fl ight speed. Although the mean speeds for d -21 and -1 were not different (P > 0.18; 2.98 ± 0.87 and 3.02 ± 0.87 m/s for d -21 and -1, respectively), the consistency of FS for each animal between the 2 weighing events was low (Pearson correlation coeffi cient = 0.19 and Spearman rank correlation coeffi cient = 0.25), indicating a day effect in FS consistent with prior studies (Cafe et al., 2010) . These data indicate that the MES and FS measurement systems used in this experiment are reliable instruments for assessment on a given day; however, substantial variation exists for MES and FS temperament scoring across days.
These results were confi rmed in a later assessment of 357 steers from this 1,181 cattle group. Between observer Kappa coeffi cients for agreement were 0.74, 0.67, 0.52, 0.66, and 0.70 for the 5 weigh dates, with an average of 0.66 matching the original results when 1,181 steers were used. In addition, the reliability between day for an individual observer was considerably less; Kappa coeffi cient for (Table 4 ). Day effect was again supported by FS means lacking statistical difference, and Pearson and Spearman correlations remained low for the 1,181 steers (0.19 and 0.25, respectively) and low to moderate for the 357 steer subset (Table 5 ). The results of the 357 steer subset are in support of the 1,181 steers both for greater observer agreement and suggestions of a day effect in the measurements of MES and FS. This variation in day could be attributed to many environmental factors. Included in the environmental factors are differences of handlers between day. In this study, the chute 1 Frequency corresponds to the fi rst value in each exit score combination, and represents the numerical agreement between observers for each exit score combination.
2 Four-point scale used for initial analysis and 3-point scale used for 357 steer group due to lack of data in fourth category for 357 steer subset.
3 Kappa and weighted Kappa values presented in text. operator differed between day as well as some of the operators of the handling facility. Each day had 5 handlers, 2 of which differed between days. The working environment was relatively quiet on both days, with no yelling from handlers, and a single prod was present and used minimally (approximately 15% of cattle). However, anecdotal evidence suggests that MES might be more robust to handler changes than CS, but both this concept and the effect of the consistency of handlers require further investigation. Previous studies have attributed the variation in MES and FS between day to a change in animal size as well as a nonlinear display of the trait over time (Kadel et al., 2006; Müller and von Keyserlingk, 2006) . In addition to accounting for a portion of the day variation between measurements, accounting for the difference in animal size can aid in the direct comparison of MES and FS. To achieve a more accurate comparison, the variable Ratio (m·s -1 ·kg -1 ) was used as an alternative to velocity for direct comparison with MES. In doing so, the correlation of Ratio with MES increased to 0.45 from the 0.30 correlation with FS. In addition, the model using Ratio as a dependent variable yielded an R 2 = 0.68, suggesting that the methods of assessment could be used interchangeably.
By accounting for gain, the units for MES and FS were more similar; however, it may be useful to account for hip height in future analysis due to the additional effect of stride length on the gait of an animal. Ratio was also used in the creation of frequency tables for MES and FS. In doing so, ES displayed a 60.0 ± 3.0% predictability and Ratio was predicted in 50.0 ± 10.0% of repeated observations. This indicates that a score assigned to an animal on a given day will be repeated 60.0% of the time on any subsequent day, making MES moderately repeatable independently. In addition, deviation from predicted values was most often explained by a lower score assigned as animals habituated to procedures. For the sake of comparison, FS measurement was divided using the mean ±1 SD and yielded a lower repeatability than MES. Prediction of which third of the group an animal would fall into, given the third it was assigned to previously, was accomplished with 50.0% success. The data suggests that MES is at least as repeatable as FS and is a reliable substitute.
The fi nal comparison of MES and FS was done by attempting to predict a third variable ADG. The relationship between both MES and FS with ADG indicated a negative association between either variable and ADG (r = −0.17 MES and r = −0.19 FS; P < 0.05); in both cases the greater (poorer) the temperament the less the ADG. Modifi ed exit score accounted for a slightly larger proportion of the variation in ADG (R 2 = 0.17) than did FS (R 2 = 0.14), confi rming MES could be an adequate substitute for FS. The conjoined model yielded an increase in R 2 from 0.17 to 0.18; however, the interaction of assessments lacked signifi cance. In addition, optimal ADG occurred at or just under category 2 for both measurements (Fig. 1) . The cattle having FS in the lower half of the scale but above 1 m/s displayed the best numerical gain, with ADG for an average FS in the slowest third being 2.90 kg and the middle and upper thirds being 2.86 kg and 2.65 kg, respectively. In addition, those cattle averaging a 2 for MES (equivalent to a trot) performed numerically the best as well, with ADG of 2.83 kg in comparison with 2.80 kg for walk (MES 1) and 2.5 kg for run (MES 3) . This is in agreement with locomotion research on various non-bovine species suggesting that an intermediate gait is most energy effi cient for an animal (Alexander, 1991) , and would explain the animals in category 2 displaying the best performance. In addition, concern has been raised regarding overselection for docile animals. Although the most docile animals are often expected to perform better in a feedlot environment, the repercussions of this type of unilateral selection might have consequences on traits such as feed intake and maternal behavior. We suggest that an overly docile steer may not exert energy to ensure adequate intake and might actually decline in performance. Such performance concerns are preliminarily supported by work showing stressed animals have a high residual feed intake (RFI), signifying low effi ciency (Richardson et al., 2004) . Similarly, an overly docile female might exhibit less protective behavior in a range scenario or less overall interest in calf health, which could decrease weaning rates or BW. If future work confi rms these suggestions, an intermediate selection for animals averaging a 2 in temperament assessment could prevent initial calf loss from insuffi cient mothering behavior and allow producers to benefi t from increased energy effi ciency and calmer animals. This study suggests that both MES and FS are reliable. A mechanical system is inherently more accurate due to a lack of human error, but this study showed reliability of the MES system between observers to be great and thus a repeatable mechanism of assessment. Modifi ed exit score and FS can be converted into variables suitable for direct comparison, but this area warrants further study. It can be suggested that MES is at least as repeatable an assessment of temperament as FS, and accrues less expense by removing necessity for additional equipment and data processing. Modifi ed exit score and FS are extremely similar in ability to predict ADG, allowing the systems to be used interchangeably without losing accuracy in selection for production traits. 2FS analyzed using average velocity of each animal traversing a fi xed distance. 3MES analyzed using average score assigned 1 = walk, 2 = trot, 3 = run.
